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Method for Establishing a Subscriber Connection and a System Utilizing the 
Method 

The invention relates to a method according to the preamble of claim 1 and a system 
5 according to claim 3. 

Accordingly, the invention consists of a method of establishing a digital FTTC (Fiber 
To The Curb, Fiber To The Cabinet) subscriber connection comprising an optical 
fiber and a metaUic twisted pair cable. The invention also consists of converter 
10 equipment comiecting the fiber and the cable and an arrangement for supplying the 
operating power for the equipment, said converter equipment being an integral 
element of the subscriber connection. 

Background of the invention 

15 

hi a conventional subscriber network based on a twisted metalUc pair cable, each 
subscriber is coxmected to a local telephone exchange or concentrator via said 
subscriber's own cable pair. A typical length of cable may be several kilometers. If 
the pair cable is utilized for transmitting digital information by means of DSL 
20 (Digital Subscriber Line) modem techniques, the transfer characteristics of the cable 
limit the highest achievable transmission rate from a few hundred kilobits per second 
to a few megabits per second, depending primarily on the cable length. 

Subsequently the term "central site" represents the local telephone exchange or 
25 concentrator site. 

Subsequently a DSL modem stands for, in a broader sense, a transmission device, 
which converts a digital information stream into an analog signal that can be 
transmitted over a metallic pair cable by utilizing a usable firequency band and which 
30 detects a received signal and converts it reliably into the original digital information 
stream. A metallic pair cable is a very difficult transmission media incurring strong 
linear ampUtude and phase distortion among otiier impairments. These impairments 
are typically equalized by using tools offered by digital signal processing, e.g. 
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adaptive line equalization. Several different modulation methods can be used, e.g. 
DMT modulation (Discrete MultiTone) or QAM (Quadrature Amplitude 
Modulation). The modulation method utilized and the detailed implementation of the 
signal processing, for example, are not essential for the operation of the method and 
5 system according to the invention. 

When utilizing a conventional subscriber network for digital transmission, the signal 
conversion in the interface of the subscriber cable and the trunk network is typically 
carried out by DSLAM equipment (Digital Subscriber Line Access Multiplexer). A 
10 DSLAM comprises DSL modems, which transform the digital signal mto an analog 
form suitable for transmission over the metallic cable. The DSL modems also receive 
the signal coming from tiie far end subscriber transmitter and convert the signal into 
digital form. Furthermore, the DSLAM multiplexes traffic from several subscribers 
and transmits the traffic to the trunk network. 

15 

In a digital FTTC subscriber network, data streams for several subscribers are 
multiplexed to an optical fiber and transported nearer to the subscribers over the fiber 
so that die lengths of the metallic pair cables are substantially shorter as compared to 
a conventional subscriber network. As a consequence, the digital transmission speed 

20 can be increased considerably, because the shorter the cable is, the higher the usable 
bandwidth. A new problem arises in an FTTC network from the fact that now the 
DSLAM is placed nearer to the subscribers and away from the central site. The 
DSLAM of a conventional network is installed at the central site, where it is much 
easier to arrange the necessary power supply and where the environmental factors 

25 (temperature and humidity) cmcial for the equipment electronics are easier to 
control, hi an FTTC network topology, the remote DSLAM (subsequentiy 
RDSLAM) has to be installed, for example, in a box located at a street comer, where 
the power supply arrangement is laborious and where the electronics suffer from 
wide temperature and humidity variations. A substantial portion of the electronics of 

30 DSLAM equipment is located in the digital transceivers of the DSL modems and in 
the circuitry multiplexing the data stream onto the optical fiber. Also, a substantial 
amount of power consumption is used for supplying said electronics. FIG. 1 
represents FTTC network topology based on known technology. An optical fiber 2 
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connects RDSLAM equipment 3 to equipment 1 at the central site, where the fiber is 
connected to a switching device of the trunk network, e.g. an ATM switch or an IP 
router, depending on the transport protocol. 

5 The method of reference [1] succeeds in overcommg some of the problems described 
above. According to the method of reference, the analog interface of the DSL 
modems at the central site DSLAM is coimected to the system so that the central site 
equipment converts the modem analog signal into a digital sample sequence. The 
sample sequence is transmitted through an optical fiber to the far end and converted 

10 back into an analog signal, which is then fed into a twisted pair subscriber cable. The 
same procedure is carried out as well in the reverse transmission direction, firom the 
subscriber towards the central site. Hence the system is entirely synunetrical, and 
identical equipment is needed at both ends of the optical fiber. Thus the interface 
between the system and the central site DSL modems connects analog signals in both 

15 transmission directions. In another method of reference [1], the modem signals are 
multiplexed as analog signals by using analog modulation and demodulation. 

Reference [2] introduces a method whereby the equipment at the subscriber end of 
the optical fiber can be implemented with simple active electronics comprising only 
20 the analog parts of the DSL modems and a multiplexer element adapting the analog- 
to-digital and digital-to-analog converters of the analog parts to the optical fiber. 

In the methods of the above-cited references [1 and 2] the electronics of RDSLAM 
equipment are considerably simpler compared to a conventional RDSLAM. In 

25 systems according to the cited methods, likewise in a conventional FTTC system, 
fliere is still a problem in supplying the operating electric power. The operating 
power has to be fed to ttie equipment either firom the central site via a power feeding 
cable or by connecting a power feeding cable from the main system for electricity 
distribution to the RDSLAM. The installation and maintenance cost is thus increased, 

30 primarily because it is not always possible to draw power-feeding cables through the 
shielding tubes originally intended for optical fibers. 
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The objective of the present mvention is to overcome the problems of prior-art 
technology and to provide an entirely novel method for establishing an FTTC 
subscriber network and arranging the operating power feeding for RDSLAM 
equipment 

5 

Summary of the invention 

The objective of the invention is to forge a method which enables subscriber-specific 
conversion equipment which adapts an optical fiber to a pair cable and is located at 
10 the end of the fiber near the subscribers to operate independently, without being 

dependent on the operation of the conversion equipment of other subscribers, making 
it possible to feed the operating electric power for the conversion equipment of each 
subscriber via the respective metallic pair cable firom the subscriber end of the pair 
cable. 

15 

The objective is achieved by the method according to the invention, characterized by 
what is stated in the characterizing part of claim 1, and by the system according to 
the invention, characterized by what is stated in the characterizing part of claim 3. 

20 Subsequently the term "multiplexing of optical signals" stands for a multiplexing 
method whereby (i) subscriber-specific electric signals (information streams) 
originating firom several subscribers are first converted into subscriber-specific 
optical signals and said optical signals are fiirther combined and fed onto an optical 
fiber by means of passive optical elements and (ii) subscriber-specific optical signals 

25 (information streams) produced at the central site, transmitted over the optical fiber 
and intended for each subscriber are first distributed to each subscriber-specific 
conversion element by means of passive optical elements and said conversion 
element separates the subscriber-specific signal from other subscribers' signals, 
converts the signal into an electric signal, and feeds the electric signal into the pair 

30 cable of the respective subscriber. 

la a preferred embodiment of the invention, the RDSLAM equipment contains all the 
essential electronics of the DSL modems, comprising a digital transmitter and 
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receiver and modem analog parts. The digital information stream specific for each 
subscriber is transported over the optical fiber in both directions by multiplexing 
optical signals. 

5 In a second preferred embodiment of the invention, the RDSLAM equipment 

contains only the analog parts of the modems, whereas the digital transceivers are 
located at the central site. The digital sample sequences transferred between the 
subscriber-specific transceiver and the analog parts are transported over the optical 
fiber by utilizing a multiplexing method of optical signals. 

10 

In a third preferred embodiment, the RDSLAM equipment contains only the analog 
parts, excluding the AD and DA converters (Analog-to-Digital and Digital-to-Analog 
converters). The optical fiber transports fuU-duplex analog signals, which are 
specific for each subscriber, between the AD and DA converters located at the 
15 central site and the analog parts located in the RDSLAM equipment. Said analog 
signals of each subscriber are separated fi:om each other by multiplexing optical 
signals. 

The invention offers substantial advantages. 

20 

In FTTC topology, the operating power for the electronics of the RDSLAM 
equipment installed in the hard environment at the subscriber end of the optical fiber 
can be fed through each subscriber cable firom the subscriber end of the cable, thus 
eliminating the problems inherent in remote power feeding firom the central site or 
25 from the main system for the distribution of electricity. 

In the following, the invention will be examined in greater detail with the help of 
exemplifying embodiments and the appended drawings. 

30 List of figures 

FIG. 1 represents the structure of a prior-art FTTC subscriber network and the 
RDSLAM equipment residing at the subscriber end of an optical fiber. 
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FIG. 2 depicts a principle of the invention whereby the electric signal that is 
transmitted over the metallic pair cable of each subscriber is converted into an optical 
signal, either in digital or analog form, and transported over the optical fiber by 
5 multiplexing the signals of each subscriber in optical form, and whereby the 

operating electric power for the electronics specific for each subscriber is fed from 
each subscriber's modem through the cable of each subscriber. 

FIG. 3 illustrates a principle according to the invention whereby the subscriber- 
10 specific electronics located in the KDSLAM comprise the digital transceiver and the 
analog parts of a DSL modem. 

FIG. 4 describes a principle of the invention whereby the subscriber-specific 
electronics located in the RDSLAM comprises only the analog parts of the DSL 
1 S modems, including the AD and DA converters. 

FIG. 5 depicts a principle of the invention whereby the subscriber-specific 
electronics located in the RDSLAM comprises only the analog parts of the DSL 
modems, excluding the AD and DA converters. 

20 

FIG. 6 illustrates central site equipment which is compatible with the RDSLAM of 
FIG. 3. 

FIG. 7 represents central site equipment which is compatible with the RDSLAM of 
25 FIG, 4. 

FIG. 8 illustrates central site equipment which is compatible with the RDSLAM 
depicted m FIG. 5. 

30 Detailed description of the invention 

The following abbreviations are used in this document: 
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AD converter, ADC 
AGC 
5 ATM 

DA converter, DAC 
DMT modulation 

10 

DSL 
DSLAM 
15 FTTC 

O/E 

20 

PCM 
QAM 
25 IP 

RDSLAM 
VDSL 
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Analog-to-Digital converter 

Automatic Grain Control 

Asynchronous Transfer Mode 

Digital-to-Analog Converter 

Discrete MultiTone modulation 

Digital Subscriber Line 

Digital Subscriber Line Access Multiplexer 

'Tiber To The Curb", " Fiber To The Cabinet", 
subscriber network consisting of an optical fiber and a 
metaUic cable 

Optical-to-Electric conversion 
Pulse Code Modulation 
Quadrature Amplitude Modulation 
Ihtemet Protocol 

Remote DSLAM of an FTTC network 
Very high speed Digital Subscriber Line 



30 
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Basic idea of the invention 

The basic idea of the method in accordance with the invention is that the transmitted 
and received bit streams transported over each pair cable are transmitted and 

5 received over the optical fiber by the RDSLAM using a multiplexing method based 
on the mtiltiplexing of optical signals. Hence the multiplexing requires no common 
multiplexing electronics and the operation of the optical-to-electric and electric-to- 
optical conversion electronics of each subscriber is not dependent on the condition of 
the conversion electronics of other subscribers. This makes it possible to feed the 

10 operating power for the optical-to-electric and electric-to-optical conversion 

electronics of each subscriber, which is located in the RDSLAM, through the pair 
cable of each subscriber. In an RDSLAM based on prior-art technology, the 
multiplexing equipment conmion to all DSL modems requires such high power that 
it is not possible to feed all the power through the pair cable of only one subscriber. 

15 But it is necessary that the equipment functions even when only one subscriber 
connection is active at a time. 

FIG. 2 depicts essential details of the method according to the invention. An optical 
fiber 2 is connected between the conversion and multiplexing equipment 100 at the 

20 central site and the RDSLAM equipment 103 which is closer to the subscribers. A 
metallic pair cable 4 connects the DSL modem 5 of each subscriber to the RDSLAM. 
Data is transported in both directions over a pair cable 4 by using a modulation 
method appropriate for a subscriber cable, for example, a DMT or QAM method 
referred to in VDSL standard drafts. A conversion element lOS converts an electric 

25 signal received from the pair cable mto optical form. Furthermore, the conversion 
element 105 converts an optical signal, received firom the optical fiber and intended 
for a specific subscriber, into an electric signal to be transmitted over the pair cable. 
A conversion element 102, located in the central site equipment, carries out a 
corresponding conversion at the central site. In the electric-to-optical conversion, the 

30 signal is also converted into digital form so that the signal is transported over the 

optical fiber in digital form. In some embodiments, the signal is transported over the 
optical fiber in analog form instead of digital form. An optical 
multiplexer/demultiplexer 101, located in the central site equipment, and a 
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corresponding optical multiplexer/demultiplexer 104, located in the RDSLAM, 
multiplex the optical signals of different subscribers onto the optical fiber, so that the 
signal of each subscriber can be demultiplexed and separated at the far end of the 
fiber. Because the multiplexing of signals respective to different subscribers is 

5 performed by the processing optical signals, there are no common electronics for all 
subscribers, and the operation of each subscriber's electronics is completely 
independent of the functioning of other subscribers' electronics. Hence the 
electronics of each subscriber are also completely electrically independent of otiier 
subscribers' electroiiics, so that the operating power for each subscribe' s electronics, 

10 which are located in the RDSLAM, can be fed through each subscriber's pair cable 
ficom the subscriber's modem S. The details for the implementation of the system can 
vary. Some preferred embodiments are examined in the following. 

A preferred embodiment 

15 

In a method according to tiie invention and presented in FIG. 3, the equipment 
needed at the subscriber end of the optical fiber, located for example in a street 
comer cabinet, comprises the essential electronics of the DSL modems 9 (TRCV) 
including a digital transmitter and receiver 14 (DSP), analog parts, as well as other 
20 parts. The essential elements of the analog parts are a digital-to-analog converter 12 
(DAC), a transmitter analog filter 10, a line driver 11, a hybrid 13, a receiver analog 
filter 18, a controllable level-adjusting amplifier 17 (AGC), and an analog-to-digital 
converter 16 (ADC). Said elements and their operation are well known to an expert 
in the field, so it is not necessary to give a more detailed description of them. 

25 

A data switch 20 (FIG. 6) contained by the central site equipment multiplexes bit 
streams 8a intended for different subscribers over optical fiber 2 by means of a 
conversion element 21 (FIG. 6). The optical bit stream transmitted from the central 
site over the optical fiber is first distributed to a conversion element 7 (O/E) of each 
30 subscriber by means of an optical hybrid 6, The conversion element 7 converts the 
optical signal into electrical form and picks up a bit stream 8 intended for each 
subscriber. The bit stream 8 is fed to a transmitter of a DSL modem 9, which 
converts the stream into a signal ^propriate for transmitting over the metallic pair 
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cable to the receiver of a subscriber modem 5. The following procedure is carried out 
in tibie other transmission direction. A signal transmitted by the subscriber's modem 5 
over the metallic pair cable is processed and detected by the receiver of the DSL 
modem 9. A detected bit stream 19 originating from a subscriber is converted into 
5 optical form by a conversion element 7, using a multiplexing method whereby bit 
streams originating from different subscribers can be separated by a respective 
conversion element 21 at the central site (FIG. 6). The bit streams 19a received from 
different subscribers are fed into a data switch 20, which processes the data streams 
according to the applied protocol, e.g. Ethernet protocol. 

10 

Signal multiplexing is carried out by multiplexing and demultiplexing optical signals 
according to the method illustrated in FIG. 3 whereby the conversion element of each 
subscriber is completely electrically independent from all other conversion elements 
in the RDSLAM. Hence the operating power can be fed to each subscriber's modem 

15 and conversion element from the subscriber end of the cable. This is carried out by 
feeding a DC current from a current supply element of a modem 5 to the cable and 
by conveying the cxirrent through a hybrid 13 to a power converter element 15, which 
generates the operating power for the device. Remote power feeding over a 
subscriber cable is prior-art technology and has long been used , for example, in 

20 PCM repeaters, and the details of implementation are not essential for the operation 
of the present method. 

Second preferred embodiment 

25 FIG, 4 depicts the second preferred embodiment of the method in accordance with 
the invention. The embodiment is very similar to the previous embodiment of FIG. 3, 
with the difference that the RDSLAM eqixipment contains only the analog parts 26 of 
the modems, the digital transceivers 9 of the modems (FIG. 7) being located at the 
central site. Optical fiber 2 transports a digital sample sequence 23 from the 

30 transmitter of the transceiver to the DA converter, and said optical fiber also 

transports a digital sample sequence 24 from the AD converter to the receiver of the 
transceiver, the AD and DA converters being located in the RDSLAM and the 
transmitter and receiver being located at the central site. The signal transported over 
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the optical fiber is distributed to each subscriber by an optical hybrid 6. A conversion 
element 7 demultiplexes fi^om said signal a sample sequence intended for the DA 
converter of each subscriber. Furthermore, the conversion element 7 converts into 
optical signals sample sequences 24 produced by each subscriber's AD converter and 
5 multiplexes them to the optical fiber by means of the optical hybrid 6. 

FIG. 7 illustrates equipment at the central site corresponding to the RDSLAM of 
FIG. 4. An optical hybrid 22 and a conversion element 21 perform tasks similar to 
the optical hybrid 6 and conversion element 7 of the RDSLAM in FIG. 4. The optical 
10 fiber transports digital sample sequences 23a and 24a between the DA and AD 
converters and the digital transceivers 9. The transceivers are connected to a data 
switch 20, for example, to an Ethemet switch. 

Signal multiplexing is carried out by multiple;xing and demultiplexing optical signals 
15 in accordance with the method according in FIG. 4. Therefore, the electronics of 

each subscriber and their functioning in the RDSLAM are independent of the state of 
other subscriber's electronics. Hence the operating power for said electronics can be 
fed from the subscriber end of a cable, i.e. DC current is fed to the cable from a 
current supply element of the subscriber's modem 5. The DC current that is flown 
20 through the cable is conveyed by a hybrid 13 to a power converter element 15, which 
generates the operating power for the device. 

Third preferred embodiment 

25 FIG. 5 depicts the third prefeired embodiment of the me&od in accordance with the 
invention. In this embodiment, the RDSLAM equipment comprises only modem 
analog parts 27, excluding flie AD and DA converters. The AD and DA converters 
12 and 16 are now located at the central site according to FIG. 8 and connected 
directly to digital transceivers 9. An optical fiber 2 transports an analog signal 28a 

30 produced by the DA converter, whereby the signal is multiplexed in the fiber 

optically in analog form in such a way that the received signals 28 (FIG. 5) can be 
separated from each other by the RDSLAM eqmpment. Respectively, the analog 
signals 29 produced by each subscriber's analog parts and intended for the AD 



wo 2005/039077 



12 



PCT/FK004/000612 



convCTters are transported over the optical fiber multiplexed optically in such a way 
that each subscriber's signal 29a (FIG. 8) can be separated from the others' at the 
central site. The multiplexing, demultiplexing, and conversion from and into 
electrical and optical forms of the above-mentioned signals are carried out by means 

5 of an optical hybrid 6 and a conversion element 30 in the RDSLAM (FIG. 5) and by 
means of an optical hybrid 22 and a conversion element 31 at the central site (FIG. 
8). The digital transceivers 9 in FIG. 8 at the central site are connected to a data 
switch 20. Accordingly, analog signals are mxiltiplexed over the optical fiber in this 
embodiment, whereas digital signals are multiplexed in the first two embodiments. 

10 Consequently, in this embodiment different characteristics are required for signal 
multiplexing than those required in the first two embodiments. 

Multiplexing of optical signals 

15 It is possible to implement the multiplexing of optical signals by means of several 
different methods. Which is the most favorable multiplexing method greatly depends 
on the available technology, especially on the status of the optical component 
technology. However, the multiplexing method utilized is not essential for the 
technical fimctioning of the method according to the invention. Next to be depicted 

20 are certain methods feasible with state-of-the-art technology for multiplexing optical 
signals. There is great variation in such methods when comparison is based on the 
implementation costs resulting from available technology. However, the 
advancement of technology, especially laser technology, may change the situation in 
the fiiture. 

25 

Optical multiplexing method 1 

The signals of different subscribers are separated from each other by applying the 
wavelength multiplexing of optical signals. The signal of each subscriber is 
30 transported over the optical fiber by using a different wavelength for the signal of 
each subscriber, so that the signals of different subscribers can then be separated 
from each other with appropriate filters in the receiver. 
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Optical multiplexing method 2 

5 

The sigii£ils of different subscribers are separated from each other by applying the 
frequency division modulation of a laser beam. This method is also a kind of 
wavelength multiplexing, but now the signals of different subscribers are at a 
distance ranging from a few MHz to about 10-30 MHz in the frequency domaia. 

10 The modulation is implemented in the first phase by modulating the signal of each 
subscriber so that the subscribers' signals are located at the above-mentioned 
distance from each other in the frequency domain. Thereafter, a laser transmitter is 
modulated with the signal produced in the first phase. The signal processing within 
the system may be implemented partly with the aid of digital signal processing and 

15 partly by means of analog circuitry. 

In so far as this method is applied for transporting signals from the RDSLAM to the 
central site, the frequencies of each subscriber's transmitter have to be mutually 
interlocked. Interlocking can be implemented, for example, by synchronizing the 
20 lasers' frequencies with a pilot signal contained in the optical signal received from 
the central site. 

Optical multiplexing method 3 

25 The signals of different subscribers are multiplexed on the optical fiber by using time 
division multiplexing. A subscriber-specific time window is at each subscriber's 
disposal by turns, so that only one subscriber's signal is transferred on the fiber 
within that time window. 

30 Optical multiplexing method 4 

The signals of different subscribers are multiplexed on the optical fiber by using code 
division multiplexing. The signal of each subscriber is transferred at the same optical 
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signal wavelength so ttiat each subscriber's signal is separated from the others' by 
using a different code sequence for each subscriber- 

Because the third preferred embodiment of the metiiod in accordance with the 
5 invention is based on the optical multiplexing of analog signals, all multiplexing 
methods described above are not suitable for implementing the third embodiment. 
The optical multiplexing methods 1 and 2 illustrated above can be appUed for 
multiplexing analog signals with present technology. 

10 Although the above description of the invention refers to the examples in the 

accompanying drawings, it is apparent to an expert in the field that the invention is 
not limited by the examples but that various modifications are possible within the 
scope of the invention claimed. For example, (a) the fiber link may comprise several 
fiiU-duplex fibers or there may be separate fibers for the two transmission directions, 

15 (b) the multiplexing methods depicted above can be applied in various combinations 
and (c) oflier multiplexing methods than depicted above can be used. For example, it 
is possible to use a combination of time division and frequency division multiplexing 
methods. 
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